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Abstract

Angiogenesis plays an essential role in tumourigsngnd tumour progression, and
anti-angiogenesis therapies have shown promisitigiarour effects in solid tumours.
2-Methoxyestradiol (2MEZ2), an endogenous metabofitestradiol, has been regarded
as a potential antitumour agent mainly targetingi@yenesis. Here we synthesized a
novel series of chalcones based on 2-methoxyestradd evaluated their potential
activities against tumours. Compountlle was demonstrated to have potent
antiangiogenic activity. Further studies showed ttiee suppressed tumour growth in
human breast cancer (MCF-7) xenograft models withalovious side effects.
Evaluation of the mechanism revealed thidtargeted the epithelial to mesenchymal
transition (EMT) process in MCF-7 cells and inhglsitHUVEC migration and then
contributed to hindrance of angiogenesis. Thike may be a promising antitumour
agent with excellent efficacy and low toxicity
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Introduction

Angiogenesis, the formation of new blood vesfels the pre-existing vessels, has
been described as one of the hallmarks of cantg@lays an essential role in tumour
growth, invasion, and metastasf®. Tumour angiogenesis occurs when the cancer
cells stimulate new blood vessel growth in ordebtimg oxygen and nutrients to a
tumouf* . As a tumour grows in size, diffusion is no longefficient to oxygenate the
cells at the centre of the mass and a hypoxic enrient is creatéd”. Cancer cells
secrete a variety of growth factors and cytokihes stimulate the classical angiogenic
signalling pathways, extracellular matrix remodgjliand an inflammatory response
that lead to new blood vessel formaffdff. Vascular endothelial growth Factor
(VEGF) is known as the most important growth factbat binds to VEGFR2,
VEGFR1, and VEGFR3 tyrosine kinase receptors on @hdothelial cell surface,
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which promotes proliferation and migration of ertusial cell$™ *2. Some signalling
pathways also take part in angiogenic responseudimgy PI3K/Akt, Wnt, and
NotcH?4,

Extensive efforts are directed towards antiangiagérerapies that combat cancer
by preventing it from accessing the blood suppét th critical for tumour growth and
survival***"]. The antiangiogenic inhibitors approved by the R be divided into 3
categories: (1) monoclonal antibodies designed amet specific pro-angiogenic
factors and receptors, e.g. Bevacizumab directathsigvascular endothelial growth
factor (VEGF) used for colorectal and lung cafer (2) tyrosine kinase
inhibitors(TKI) to target receptors of multiple @mgiogenic factors, e.g. sorafenib
treatment for advanced renal cell carcin8ﬁ]1a(3) MTOR inhibitors (mammalian
target of rapamycin inhibitors), e.g. everolimusdueed tumor volume and
angiogenesis in Hepatocellular carcinoma (HCC) reoomdel€® 2Y Although
antiangiogenic therapy made certain progress ifopging the survival of cancer
patients, there are still only a few satisfactaggults because of certain limitations
including insignificant clinical effects, concerabout safety, tumour recurrence and
drug resistand¢& %, Therefore, the development of navedafer and multitargeted
inhibitors is urgently required.

2MEZ2 is derived from the NADPHlependent cytochrome P450 metabolism of
17B-estradiol 2MEZ2 is an endogenous metabolite with antiangiagand antitumour
effect$?. The antiangiogenic effect is mainly due to intiisi of cell adhesion and
migration, induction of apoptosis of vascular etadtial cell and inhibition of vascular
endothelial growth factors and hypoxic-inducibletéa (HIFf?*. Additionally, 2ME2
combats cancer by targeting tubulin polymerizatioia binding at the
colchicine-binding site and arresting cell cycl&s&/M-phase. Several phageand I
clinical studies have been conducted to evaluatE2hhder the name of Panzem®, a
formulation in a nanocrystal colloidal dispersioNQD®), in multiple myeloma,
glioblastoma ovarian and prostate can&8r&. However, the short half-life and poor
bioavailability of 2ME2 limited its clinical applationg®* ?*. New analogs STX140
and ENMD-1198 were demonstrated to have potentlatijrer anticancer activities
than that of 2ME2. These compounds are being etelua Phase I/Phasi clinical
trials®® 3! Research demonstrated STX140 inhibited the pralifon of MCF-7 cells
and caused arrest in the G2/M phase of the celé’é§cand latest research shows that
STX140 can target CAX which is regarded as a potential treatment tamget
triple-negative breast cancer (TNBE) ENMD-1198 inhibited HIF1-a, but it also
decreased STAT3 and NF-kB levels in breast andtaesancét’. Chalcones are
the derivatives of K)-1,3-diphenyl-2-propene-1-one and represent asclab
compounds consisting of two aryl rings linked byocgrunsaturated ketone moiety.
It's reported that chalcones possessed anticancivityg by preventing tubulin
polymerizatiof®®. Various chalcone-modified steriod derivatives eveynthesized
and some of the derivatives showed potent anticaaiévity against certain human
cancer cell ind&¥, for example the chalcone with a trimethoxyphemyit (1) was
considered as potential cytotoxic effect and abtitun activity, 2-chalcone substituted
17-methylene estratrien@)(exhibited highly antiproliferative activity againcolon
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HCT-116, lung NCIH-460, glioma U-251 and breast MB-435 cancer cells
(Gls=1.6 M, 2.6 uM, 1.4 uM, 1.6 uM)B"! 16E-arylidene and rostene8)(were
demonstrated potential anticancer agent againstFaCEM, K-562, RPMI-8226 and
SR leukemia cell lines (G=3.94uM, 2.61uM, 6.90uM, 1.79uM)28, 17-chalconyl
pregnenolones exhibited the highly activity agaiMCF-7 and MDA-MB-231
(ICs=2 uM)B%. and estrone-16-oximd)(showed highly cytotoxic effect against HeLa
cells (IG=4.41uM)*?. (Fig. 1)

However, synthesis of chalcones on 2-methoxyestta@ME?2) has not been
studied so far. In order to further explore the S&%RRME2 and enrich the structure
types of the chalconyl steroid compounds, we figstthesized 2-chalconyl estradiol
analogs using 2-acetyl-estradiolgtdcetateas the steroid precursor. The 2-acetyl
group of estradiol was used to forf-unsaturated carbonyl moiety with different
aldehydes according to Claisen-Schmidt condensatidrich chalcone unit differs
from the reported lies in the positions of carboapld double bortf!. We also
prepared a novel class of D-ring chalcone-modifiethethoxyestradiol analogs and
evaluated the antiproliferative activity, antiarggaic activity and anti-metastasis
effect on MCF-7. We found that compouhtieis a multi-target compound, which has
a good effect on inhibiting angiogenesis and angjration of MCF-7 in breast cancer.
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Results

Chemistry.

The synthesis route of the tar@ebenzylideneacetyl substitutedft&stradiol
compounds is depicted 8cheme 1Chalcone moiety was synthesized from aldehyde
and acetophenone according to Claisen-Schmidt csatien. Saxet&! and
Panchapakes&f reported 2-aroylvinyl-substituted g-2stradiol synthesis from a
2-formyl estradiol substrate and various acetophesoHere,
2-acetyl-estradiol-1f-acetate §) was prepared by esterification using the Fries
rearrangement with estradiol as the starting matbesed on Rao’s metHédl Then,
different substituted aromatic aldehydes were eggulan the Claisen-Schmidt
condensation to obtain various 2-benzylideneacmibktituted 1fF-estradiol
compounds. The overall yield of 2-chalcone estidadipfrom estradiol was
52%~64%.

The 2-chalcone moiety was shown to be in the tcamdiguration of the double bond
according to the coupling constant (J) values o41%.7 Hz. In théH NMR spectrum
of compounds, two protons of the propenone moierevobserved as two doublets at
7.81~8.26 (CH=C-CO) and 7.47~7.76 ppm (=CH-CO}he1>C NMR spectrum, the
ketone carbonyl groups were detected at 192.90899%m and the vinylic carbons
C-20 and C-21 were observed as the chemical ghit&%21-123.51 and
139.93-147.83 ppm, respectively, indicating thespnee of,B-unsaturated ketones.
TheE-conformation in thei,f-unsaturated ketone in the 2-chalcone steroid were
further supported b}(-ray crystal structure ofe (Fig. 2a) Theo,-unsaturated ketone
system is characterized by C19=02 and C20-C21 lemgths of 1.243(3) and 1.319(4)
A and a torsion angle 02-C19-C20-C21 of 4.6(5)°04€20-C21-H21 of
176.67°(Mercury version 3.10). The date are coastswith the studies of other
chalcone derivatives reported previolfsty®!

The synthesis of various E&rylidenoestraene derivatives has been carriedout
depicted irScheme 22ME2 was synthesized from commercially availasgadiol as
described in a literatufé. The C3-OH of 2ME2 was then selectively acetyldigd
using acetic anhydride in isopropanol to aff8ndith 95% yield. Subsequent Jones
oxidation followed by base hydrolysis gave 2-metfestrone 10) at 82% overall yield.
Finally, the Claisen-Schmidt reaction of 2-methastyene with the corresponding
benzaldehyde derivatives at room temperature imaltedine medium afforded
16E-benzylidene-substituted 2-methoxyestrone derieatlda-l. The intermediates
8-10can be conveniently purified by crystallizationhe overall yield of
16E-benzylidene 2-methoxyestronklf from 2-methoxyestradiol was approximately
68%. We adopted a one-pot reaction; compdlihdid not need separation and
following Claisen-Schmidt reaction was performednediately using benzaldehyde to
obtainl@-benzylidene 2-methoxyestronkl. The overall yield ofll was increased
by 78%.



The'H NMR signal of the methine-H was found the downffielgion at 7.36 to 7.81
ppm for theE-isomerll as expected due to deshielding caused by proximitye
carbonyl group in agreement with the literatdfe In the'H NMR spectrum of
compounddla~11] 16-arylidene hydrogen is a singlet at approximyatel8 ppm, but
it becomes a doublet itLcdue to the splitting of fluorine. In tHéC NMR spectrum,
the expected signal for a ketone carbonyl at 26828%.74 and the vinylic carbons
C-16 and C-20 at 131.25-141.02 ppm indicated tesgmce oé,p-unsaturated
ketones. This observation has been confirmed b}(4taey diffraction analysis oflc
(Fig. 3b). Thea,p-unsaturated ketone system is characterized by G2 &nd
C16-C20 bond lengths of 1.207(4) and 1.341 A (5)eSpectively, and a torsion angle
C17-C16-C20-C21 of -179.0° (3). These propertiesvary similar to those observed
in two related arylidene derivatives of estréfle
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compound Ar compound Ar
7a 2-methoxyphenyl 7e 2-chlorophenyl
7b 3-methoxyphenyl 7f 3-chlorophenyl
7c 4-methoxyphenyl 79 4-chlorophenyl
7d 4-benzyloxyphenyl 7h 2,4-dichlorophenyl

Scheme 1Synthesis of 2-chalconyl substituted estradioivdgives.
Reagents and conditions: (a)28; Pyridine, 60C (b) ZrCl, CHCl,, N, rt; (c)
aromatic aldehyde, 95% EtOH, 10% NaOH,®0
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lla phenyl 11g 4-bromophenyl
11b 4-fluorophenyl 11h 3-nitryphenyl
1lic 3,4-difluorophenyl 11i 4-methylsulfonatephenyl
11d 3-chlorophenyl 11] 4-methylphenyl
1lle 4-chlorophenyl 11k 2,3-bimetyoxyphenyl
11f 2,4-dichlorophenyl 111 3,4,5-trimethoxyphenyl




Scheme 2Synthesis of 16-benzylidene-substituted 2-methettpne derivatives
Reagents and conditions: (a) 28 isopropanol, rt; (b) Jones reagents];dc) 10%
NaOH, MeOH; (d) aromatic aldehyde, EtOH, 10% KOt1(e) aromatic aldehyde,
EtOH, 10% KOH.

a b
Fig. 2. X-ray crystal structure ofe (a) andllc(b)

Biological Testing

The effect of 2ME2 derivates on cytotoxicityn vitro and angiogenesign vivo

All 20 analogs were screened for antitumour acéigiagainst six different cancer
cell lines including SKN-SH (Neuroblastoma), B16dlsihoma, skin), A549 (Lung
adenocarcinoma), MGC-803 (Gastric cancer), EC188{Rageal carcinoma) and
SMMC-7721 (Hepatocellular carcinoma) celtsiitro, The percentage of growth
inhibition was assessed using SRB assay. The 56%tlginhibitory concentration
(ICs0) were determined and listedTiable 1 The results indicated that most of the
synthesized compounds showed moderate cytotoxigtgceh all six cell lines.

Table 1 Cytotoxic activity of 2- or 16- chalcone dustituted estradiol analogs

Drug ICso(uM)
SKN-SH B16 EC-109 MGC-803 A549 SMMC-7721
2ME2 1.6+1.2 3.4+0.6 4,1+0.8 4.0£0.9 1.1+0.0 8.4+0.
7a 22.2+1.3 16.5+1.2 26.5t1.4 9.8+1.0 5.9+0.8 0.6+0.3
7b 4.5+0.6 8.9+0.9 5.6+0.7 4.0£0.6 5.5+0.8 26.1+1.5
7c 18.9+1.2 17.4+1.2 18.2+1.3 12.2+1.1 8.6+0.9 16.0+1.
7d >128 >128 >128 >128 52.6+1.7 >128
7e 16.4+1.2 15.9+1.2 13.2+1.1 8.3+0.9 15.5+1.2 11.3+1.

7f 10.3+1.0 12.4+1.1 8.5+0.9 8.0+0.9 10.9+1.0 6.3+0.8
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79 15.0+1.1 15.3+1.2 14.0+1.2 15.7+1.1 12.1+1.1 44.9+1

7h 22.7+1.4 13.1+1.1 19.4+1.3 12.5+1.1 13.7+1.1 14.3+1
1lla 22.4+1.4 17.8+1.3 22.8+1.6 17.7+1.2 19.4+1.1 17.2+1
11b 27.0x1.4 16.8+1.2 19.9+1.3 13.5+1.1 25.3+1.4 8.a+1.
1ic 8.0+1.3 14.2+1.3 16.2+1.2 10.7+1.0 15.0+1.2 5.1+1.7
11d 21.0+1.3 10.1+1.0 24.3+1.3 12.3+1.1 22.6+1.3 16.9+1
1lle 24.7+1.4 17.9+1.3 14.7+1.2 14.9+1.2 23.2+¥1.4 4.06+1.
11f 17.8+1.2 16.5+1.2 15.3+1.4 15.8+1.2 15.5+1.2 1.Z+0.
119 42.0£1.6 2.6+x0.4 17.6+1.2 14.1+1.1 39.4+1.6 0.1+0.9
11h 24.5+1.4 6.7+0.8 23.3¥1.4 12.7+1.1 21.2+1.2 8.1+1.0
11i 20.5+1.3 7.7+0.9 18.2+1.3 10.5+1.0 5.9+0.8 37.3¥1.5
11j 20.1+1.3 6.0+0.8 22.5%¥1.4 20.5+1.1 53.0+1.7 20.8+1.
11k 18.2+1.5 12.7+1.3 10.5+1.1 18.3+1.3 20.4+1.3 8.8+0.
111 14.3+1.8 18.8+1.3 13.9+1.1 18.7+1.3 14.5+1.2 2.8+0.

ICso values were obtained from three independent re@ewt represented as mean + SD.

Among the 2-chalcone substituted derivatives testelcompounds with electron
donor substituents in the chalcone B-ring had gebantiproliferative activity than the
compounds with the electron acceptor substitudiiis.compounds carrying a
methoxy group on the chalcone B-ring displayed &igintiproliferative activities than
compoundge 7f, 7g,7h carrying an electron-withdrawing chlorine atomn@wund
7d, carrying no substituents on the B-ring, was iwactThis is consistent with
Panchapakesan’s studiés

The 16-benzylidene substituted 2-methoxyestradialvdtives had moderate
antiproliferative activity in six cancer cell linéssted. We found that
16-benzylidene-substituted estradiol derivativethan electron-withdrawing halogen
in the chalcone B-ring have enhanced the antignatifve potential against the
SMMC-7721 cells excluding1d. However, the only electron donor-substituted
16-benzylidene derivativell containing 3,4,5-trimethoxy group had better
antiproliferative activities.

Due to haemolysis induced by high concentration®MSO, we chose compounds
7b, 7d, 11b, 11d, 11e 11g 11h and 11k with high water solubility for further
screening to investigate the antiangiogenic effectie chick embryo chorioallantoic
membrane model. The chicken embryo provides a enmaoadel for investigating the
blood vessel response to antiangiogenic agents.coh&ol chicken chorioallantoic
membranes showed well-developed neovascular zordey the filter saturated with
carrier buffer after 3 days’ culture, whereas tle®wascularization in the chicken
chorioallantoic membranes treated withb, 11e 11g and 11d were significantly
suppressed; howeverp and 7d showed less significant difference. In additiore w
evaluated the toxicity of these compounds agaiigt4293 cells (human embryonic
kidney cell line), the 16y was assessed by MTT method and the results wevensin
Table 2, these compounds showed low toxicity on normdllced exceptrb.

The 16-benzylidene-modified 2-methoxyestradiol agdlle significantly reduced
the number of blood vessels and vascular area [@sgnthe antiangiogenic effect of

8



2ME2.

Control

B

2 o o

- il . L G I

Percentage of vascular
counts (% Control)

o

ARAAAARRA RN AR

=
?

Control E2  DXMX IMEZ Th Td

®

o o
T

RAAR AR AL AL R

=
45
£

e

5
o
:

e
7
#

g

E:

(% Control)

i

Blood vessel number

aa
S

Control 1‘:2 I:lx'!nx IMEZ T Td

Fig 3 Screening compounds by chick chorioallanto@nbrane assay. (A) Antiangiogenic activities of
different drugs were measured using CAM assay. 1Gbfrtormal saline 5Qg/mL), E2 (1 B-estradiol

50 pg/mL), DXMX (dexamethasone 5®/mL), 2ME2 (50ug/mL), and the compounds (p@/mL).
Statistical analysis of percentage of the vasatdants (B) and the number of blood vessels (C)aDat

9



are presented as the means + SD, n=3, *p < 0.05*and 0.01 versus Control.

Table 2 Cytotoxic activity against HEK-293 cells (Cso)

Compounds 7b 7d 11b 11d
ICs0(uM) 13.1+0.7 >100 87.845.5 77.1+£12.4
Compounds lle 11g 11i 11k

ICs50 (M) >100 48.97.1 >100 51.0+1.4

Compound 1l1e inhibits tumour growth in the human beast cancer (MCF-7)

xenograft models

On basis of our results, we chdskefor further study due to its potent
antiangiogenic and moderate cytotoxic activityamcer cells. 2ME2 is an
endogenous metabolite of estradiol that is regasseal potential compound for the
treatment of breast cancer, and the MCF-7 celligeast cancer cell line with strong
angiogenesis and tumour growth abilities. Hence atfititumour activities of 2ME2
andllewere examined in the nude mice subcutaneouslyaimgd with the MCF-7
cells. The body weights and tumor volumes were nreasand recorded every other
day. As shown irfrig 4B, C, after 21-days’ treatment, the tumour weights amdaur
volumes were apparently decreased in the micestlesith11e Meanwhile, the body
weights of nude mice in control group ahitegroup gradually increased during the
treatment period, while the body weights of nudeein2ME2 group significantly
lower than that in the other groups, suggestibgpossessed a lower toxicity than
2MEZ2 (Fig 5D). The results indicated thatemay be a more effective and safer
antitumour agent than 2ME2.
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means = SD, n=5/group. *p < 0.05 and **p< 0.01 usr€ontrol group’p< 0.05 versus 2ME2 group

Toxicity evaluation of compound 11én vivo and in vitro

To evaluate the toxicity oile we collected main organs including heart, liver,
spleen, lung, and kidney in nude mice and used Htelen and eosin staining (HE
staining) to examine the tissue damage. As showngrbA, there was obvious liver
cell edema in the 2ME2 group, while th&e group showed lower liver cell edema,
other organs were not significantly affected. TdHar evaluate the liver damage, we
examined the levels of the enzymes in the seruroceged with the liver function
including alanine transaminase (ALT), aspartatesaminase (AST) and alkaline
phosphatase (ALP). As shown Kig 5B, the levels of the three markers were
increased in the 2ME2 group; however, flie® group had relatively small changes,
the mean levels of the three enzymeslbé group were lower than that of 2ME2
group, indicating thatleis safer than 2MEZ2.
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Data are presented as the mean + SD. *p < 0.05"gnd 0.01 versus Control groupp<.0.05
versus 2ME2 group.

Additionally, we evaluated the cytotoxicity dfeand 2ME2 in normal human cells
and in cancer cells, including HUVEC (human umbilizein endothelial cells),
GES-1 (human immortalized gastric epithelial cell8JCF-7 (breast cancer),
MGC-803 (gastric cancer), PC-3 (prostate cances)stiown inTable 1, the 1G, of
1leis higher than that of 2ME2. As shown kig 6, cell viabilities were gradually
reduced when given increasingly dose of 2ME2 Abelwhile at the same dose the
cytotoxicity of 11ewas lower than that of 2ME2, indicating that tleeverful effect of
11eon inhibition of tumour growth is not dependentaodirect cytotoxicity effect.
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Fig 6 Compoundlehad low cytotoxicity in normal and cancer cellell@iability curves were
measured aftetleor 2ME2 treatment for 48 h or 72 h in (A-E) HUVEGES-1, MCF-7,
MGC-803, PC-3 cell lines respectively. Data arespndéed as the mearSD of 3 independent
tests.

Compound 11e inhibits the migration of HUVEC celldn vitro.

Compoundlleinhibited the migration of HUVEC cellga vitro. Migration of human
endothelial cells is prerequisite for angiogenelimis, we evaluated whethktecould
inhibit the migration of endothelial cells. HUVE@®re treated with @M (Control), 2
uM (low dose group) or 10M (high dose group) dfle and the migration ability was
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evaluated by the wound healing assay. The reqwised that the migration rate bie
treatment group is lower than that of control growpich demonstratetile could
inhibit cell migration (Fig.7A B) . Similar results were observed in transwell
assayfig.7C D).

The VEGF/VEGFR signaling pathway plays an importasie in angiogenesis.
Hence, we examined the expression of VEGFR. Wesletting analysis showed that
1lereduced the expression of VEGFR in HUVECs. FAK igrotein tyrosine kinase
associated with cell migration and the SHC adgptetein acts as a signal transporter
in the regulation of endothelial cell migration. elhexpression of SHC and
phosphorylated FAK was lower ihle treatment group while the total FAK levels
were unchangedr(g.7E, F). These data indicated thhte suppressed blood vessel
formation which may relate to the reduction of VEGE&Xpression and phosphorylated
FAK and SHC.

A Control lleL lleH

Wound Healing Rate (%)

C Control 11e-L
» ‘\ﬁu'kﬂ
w..\gy “{' % el

4\ v *F H«_-'." ( :
ﬁﬁ Taih
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B 11e-H

e
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SHC

target protein/GAPDH ratio
o
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GAPDH

P-FAK FAK SHC

Fig 7 The effect and mechanismldfeon HUVEC cells migratiomn vitro. (A, B) Effect and statistical
analysis ofl1eon HUVECSs migration in wound healing assay. (CHifiect and statistical analysis of
11eon HUVECs migration in transwell assay. (E, F) Eegsion and statistical analysis of VEGFR,
FAK, P-FAK, SHC in HUVECSs treated with differentrozentrations ol1lefor 48 h. Control: treated
with no drug,11elL: treated with 2uM 11e 11eH: treated with 1QuM 11e All data are represented as
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the mean = SD of 3 independent tests. *p < 0.05*3me& 0.01 versus Control.

Compound 11e inhibits the migration of MCF-7 cellsn vitro.

The cell viability was tested, as is listed irblEa3, 11e showed little toxicity both
on breast cancer cells (MCF-7, MDA-MB-231), healttyyman embryonic kidney
cells (HEK-293) and human esophageal epithelialsc@Het-1A). Migration is
characteristic for endothelial and cancer cells endssential for angiogenesis and
tumour metastasisiWWe evaluated whethdrle can suppress migration in cancer cells.
MCF-7 breast cancer cells were selected due to lingh metastatic potential and the
effect of11eon tumour cell migration was studigdvitro by wound healing assay. The
1llel (2 uM) and1leH (10 uM) groups had lower wound healing rate of the MCF-7
cells compared with that in the control grotg(8A-B). As shown inFig 8C-D, the
transwell assay showed cell number from the uppamber to the bottom chamber
were reduced with the treatmentldfe Compared with the control group, compound
11esignificantly inhibited MCF-7 cell migration.

EMT plays an important role in the process of tunmwasion and metastasis. To
elucidate the possible mechanism of inhibition omgration, we detected the
expression of ZO-1, E-cadherin, N-cadherin, and &ritm by the Western blotting
assay. The results indicated thaeincreased the expression of the epithelial marker
proteins ZO-1 and E-cadherin and the expressiorthef mesenchymal markers
N-cadherin and Vimentin were decreased, which atéit thallecan inhibit the EMT
process in MCF-7 cells.

Table 3 Cytotoxic activity of 11e (1Go)
MCF-7 MDA-MB-231 Het-1A HEK-293
11e(uM)  77.0+2.7 78.6:8.3 >100 >100
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Fig 8 The effect and mechanismldfeon MCF-7 cells migration in vitro. (A, B) Effechd statistical
analysis ofl1eon MCF-7 cell migration in wound healing assay,. D§ Effect and statistical analysis
of 11eon MCF-7 cell migration in transwell assay. (EBXpression and statistical analysis of ZO-1,
E-cadherin, N-cadherin and vimentin in MCF-7 ce#sated with different concentrations Ifefor 48
h. Control: treated with no dru@ilel: treated with 2uM 11e 11eH: treated with 1QuM 1le.Data are
represented as the means + SD of 3 independest 1pst 0.05 and **p< 0.01 versus Control.

Discussion

Breast cancer is the most common cancer in woamehis the leading cause of
death among womé&R. Accumulating evidence indicates that the develepnof
breast cancer is predominantly associated witheas®d lifetime exposure to
endogenous and exogenous hormBfles2ME2 is a potent antitumour and
antiangiogenic compound for the treatment of breaster and prostate cari¢ef”
8l Some progress has made for the treatment oftbrzeaser with 2ME2 structural
modification, for example, isoform-specific sulfammalerivatives are responsible for
the high specificity on Carbonic anhydrase 1X (O8%, quinazolinone-modified
2-methoxyestradiol showed antiproliferative activagainst breast cancer céfis

Here, we first synthesized chalconyl estradiol egsl and evaluated the
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antiproliferative activity. The results showed dwalyl substituted derivatives played
an insignificant cytotoxic effect on SKN-SH, B16,CH09, MGC-803, A549,
SMMC-7721 cell lines. And following, we evaluatdtktanti-angiogenic efficacy of
these compounds using the chorioallantoic assa&ypttent inhibition efficacy on
angiogenesis oflle was observed. Our results showed thae decreased the
expression of VEGFR, the signal transporter SHC #mngs downregulated the
activation of FAK, these changes may associate whth inhibition efficacy on
angiogenesis and cell migration @#le 1le had a similar efficacy as 2ME2 on
angiogenesis while the antitumour effe€tllein vivo was superior to that of 2ZME2
suggesting thatle had other anticancer targets. Then we testedntheence oflle
on cell migration in MCF-7 cells, and the resultowed thatlle increased the
epithelial marker proteins (ZO-1 and E-cadherinhilevthe mesenchymal markers
proteins (N-cadherin and Vimentin) were decreaselich illustrated1le targets
epithelial to mesenchymal transition (EMT).

EMT is the transition from an epithelial-like pheéye into a mesenchymal
phenotype adopted early during metastatic progyes$o permit invasion and
migration of the metastatic cells to secondary within the bod$?. In carcinomas,
the difference between cancer stem cells (CSCs) mmid CSCs is likely to be
attributable largely to the cellular biological gramme EMT* %2 Activation of the
EMT programme in the neoplastic cells was demotestréo be closely associated
with the CSC state revealing multifaceted effedtthe EMT programme in driving
the malignant phenotype of carcinoma ¢&t8”. CSCs are a fundamental component
of the metastatic cascade and will lead to nove@rdpeutic strategies against
metastatic cancBr®”. In addition, CSCs are particularly adept in siting
angiogenesis to promote tumour growth and to irser@aerall tumour aggressiveness
before and after the therdBy>® It is reported that CSCs generate proangiogenic
factors to stimulate angiogenesis and at the sames the tumour vasculature assists
in maintenance of CSC self-renefl Our results showed thatle plays potent
effects on angiogenesis and EMT, and because tbehéwe close connection with
CSCs, we speculate thhte may target CSCs and then exhibit a potent efficaty
antitumor. That is what we are searching for inféllewing study.

Conclusion

In this study, we synthesized a series of 2ME2 agglcontaining the chalcone
moiety that had antiangiogenic effect4ewas identified as the most potent derivate
using the CAM assay. The growth of MCF-7 xenogdhftamourin vivo was
significantly inhibited bylle and there were less obvious adverse effects oarmaj
organs in nude mice. Further mechanistic studidéecated that the antiangiogenic
effect of 11lewas mediated by inhibition of migration and dowgukating of VEGFR
expression in human endothelial cells. The migmatad cancer cells was also
suppressed bylewhich may relate to the inhibition of EMT. Our pliecal results
suggest thatleis a promising compound for the treatment of dreascinoma.
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Experimental section

General chemistry

All the chemicals and solvent were purchased froamroercial sources. Solvents
and reagents were dried and purified accordinght rhethods described in the
literature. Column chromatography was carried aibgi silica gel (200-300 mesh);
analytical thin-layer chromatography (TLC) was pemfied on silica gel Gk,
(Qingdao Haiyang Chemical Co, LtdH and**C NMR spectra were recorded on a
Bruker AVANCE DPX-400 NMR spectrometer (operatirigt@0 MHz for'H and 101
MHz for 3C). The numbering used for assignment of the NMfRals is reported in
supplement material. High resolution mass spedd#fd@MS) were recorded on an
Esquire 3000 mass spectrometer by electrosprayaton (ESI) after dissolving the
compounds in methanol. Melting points were deteeulinsing a Beijing Keyi melting
point apparatus XT5A and were uncorrected. Esttadis purchased from Zhejiang
Xianju Pharmaceutical Co., Ltd. All solvents werfeamalytical grade unless stated
otherwise.

General procedure for the synthesis of compound

General procedure for the synthesis of 2-chalconylsubstituted estradiol
derivatives

We followed the method described by Rao et alrépgre compoundsand6. Then
2-acetyl-estradiol-1ff-acetate §) reacted with corresponding aldehyde through the
Claisen-Schmidt reaction to provideE){Estradiol-2-yl-3'-arylprop-2'-en-1'-one
derivatives.

1. (2E)-1-Estra-1,3,5(10)-trien-3,1p-dihydroxy-2yl-3'-arylprop-2'-en-1'-one

To a stirred solution of arylaldehyde (0.65 mmal) 95% ethanol (10 mL), an
agueous solution of 10% NaOH (5 mL) was added, PhAnetyl-estradiol-1B-acetate
6 (0.2 g, 0.56 mmol) in 95% ethanol (5 mL) was skpwatided. The reaction mixture
was further stirred at 60 for 2 h. After completion, the reaction mixturesa@oled to
0°C and neutralized with 10% HCI aqueous solutW@hen the solution was adjusted to
a pH~ 5 (pH paper), an abundant yellow precipitate veaséd. The precipitate was
filtered and purified by chromatography (PE: EA393d give following compounds
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1.1.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(2"-methoxyphenyl)-prop-2'-e
n-1'-one (7a)

Yellow solid. 80% yield, mp. 155.6-156.6 *H NMR (400 MHz, CDC}) § 12.69 (s,
1H, 3-OH), 8.19 (d, J = 15.7 Hz, 1H, 21-vinylic-BH=C-CO), 7.80 (s, 1H, 1-CH),
7.73 (d, J = 15.7 Hz, 1H, 20-vinylic-H, =CH-C0)63.(dd, J = 7.7, 1.6 Hz, 1H, 27-CH),
7.44 — 7.36 (m, 1H, 25-CH), 7.02 (t, J = 7.8 Hz, 28-CH), 6.96 (d, J = 8.3 Hz, 1H,
24-CH), 6.73 (s, 1H, 4-CH), 3.93 (s, 3H, 23-Of;18.75 (t, J = 7.6 Hz, 1H, &7CH),
2.89 (ddd, J = 15.2, 7.4, 3.3 Hz, 2H, 6-5+2.43~1.17(m, 13H, rest of the 5xgahd
3xCH of steroidal ring), 0.81 (s, 3H, 18-@H®C NMR (101 MHz, CDGJ) §
194.0(CO), 161.2 (C23), 158.9 (C3), 147.0 (C5),.44@21), 132.0 (C27), 131.3
(C10), 129.4 (C25), 126.3 (C1), 123.8 (C22), 12C20), 120.8 (C26), 118.3 (C2),
117.7 (C24), 111.3 (C4), 81.8 (C17), 55.6 (QE150.1 (C14), 43.6 (C9), 43.2 (C13),
38.6 (C8), 36.6 (C12), 30.6 (C16), 30.0 (C6), 2A&9), 26.4 (C11), 23.1 (C15), 11.1
(C18). ES(-) (MeOH): (m/z) calculated fordEi3104(M-H]"), 431.2228; found
431.2227.

1.2.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(3"-methoxyphenyl)-prop-2'-e
n-1'-one (7b)

Yellow solid. 79% yield, mp. 189.6-191.6 *H NMR (400 MHz, CDCY) § 12.59 (s,
1H, 3-OH), 7.85 (d, J = 15.5 Hz, 1H, 21-vinylic-BH=C-CO), 7.76 (s, 1H, 1-CH),
7.58 (d, J = 15.5 Hz, 1H, 20-vinylic-H, =CH-CO)38.(t, J = 7.9 Hz, 1H, 26-CH), 7.27
(d, J = 7.8 Hz, 1H, 27-CH), 7.20 — 7.14 (m, 1H,&3), 7.03 — 6.94 (m, 1H, 25-CH),
6.73 (s, 1H, 4-CH), 3.87 (s, 3H, 24-0QH3.75 (t, J = 8.5 Hz, 1H, &7CH), 2.87 (dd,
J = 10.5, 4.8 Hz, 2H, 6-CGl§ 2.46~1.16(m, 13H, rest of the 5xgldnd 3xCH of
steroidal ring), 0.81 (s, 3H, 18-GH'*C NMR (101 MHz, CDGJ) § 193.3 (CO), 161.3
(C24), 160.0 (C3), 147.4 (C5), 144.8 (C21), 13&22), 131.5 (C10), 130.0 (C26),
126.2 (C1),121.1 (C27), 120.8 (C20), 118.1 (C2y.& (C4), 116.0 (C25), 114.3 (C23),
81.8 (C17), 55.4 (OC}¥), 50.1 (C14), 43.6 (C9), 43.2 (C13), 38.6 (C8),636C12),
30.6 (C16), 30.0 (C6), 26.8 (C7), 26.4 (C11), 2815), 11.1 (C18). ES(-) (MeOH):
(m/z) calculated for gHz104(M-H] "), 431.2228; found 431.2225.

1.3.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(4"-methoxyphenyl)-prop-2'-e
n-1'-one (7¢)

Yellow solid. 77% yield, mp. 213.5-2149 'H NMR (400 MHz, CDC}) § 12.72 (s,
1H, 3-OH), 7.88 (d, J = 15.4 Hz, 1H, 21-vinylic-€H=C-CO), 7.78 (s, 1H, 1-H), 7.64
(d, J =8.8 Hz, 2H, 23- and 27-CH), 7.50 (d, J 413z, 1H, 20-vinylic-H, =CH-CO),
6.97 (t, J = 5.7 Hz, 2H, 24- and 26-CH), 6.73 (3, 4-CH), 3.87 (s, 3H, 25-OGJ)
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3.76 (t, J = 8.4 Hz, 1H, 1#CH), 2.88 (dd, J = 10.5, 4.8 Hz, 2H, 6-§H2.46~1.16(m,
13H, rest of the 5xCHand 3xCH of steroidal ring)), 0.81 (s, 3H, 18-OQH*C NMR
(101 MHz, CDC#) § 193.3(C19, CO), 161.9 (C25), 161.2(C3), 147.1 (C244.8 (C5),
131.4 (C10), 130.5 (C23 and C27), 127.5 (C1), 1262R), 118.2 (C20), 117.9 (C2),
117.8 (C24 and C26), 114.5 (C4), 81.8 (C17), 566H), 50.1 (C14), 43.6 (C9), 43.2
(C13), 38.6 (C8), 36.6 (C12), 30.7 (C16), 30.0 (@6)9 (C7), 26.4 (C11), 23.1 (C15),
11.1 (C18). ES(-) (MeOH): (m/z) calculated fosgB3:04(M-H] "), 431.2228; found
431.2226.

1.4.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(4"-benzyloxyphenyl)-prop-2'
-en-1'-one (7d)

Yellow solid. 75% yield, mp. 222.8-2268 *H NMR (400 MHz, CDC}) § 12.72 (s,
1H, 3-OH), 7.88 (d, J = 15.4 Hz, 1H, 21-vinylic-BH=C-CO), 7.78 (s, 1H, 1-CH),
7.63 (d, J = 8.7 Hz, 2H, 23- and 27-CH), 7.51 (& 15.4 Hz, 1H, 20-vinylic-H,
=CH-CO), 7.47~7.32(m, 5H, benzylic-5xCH), 7.04J¢; 8.8 Hz, 2H, 24- and 26-CH),
6.74 (s, 1H, 4-CH), 5.13 (s, 2H, benzylic-§H3.76 (t, J = 8.2 Hz, 1H,&7CH), 2.88
(dd, J = 10.7, 4.7 Hz, 2H, 6-GH 2.45~1.14(m, 13H, rest of the 5xgkhd 3xCH of
steroidal ring), 0.81 (s, 3H, 18-GH"C NMR (101 MHz, CDGJ) 5 193.3 (CO), 161.2
(C3), 161.0(C25), 147.1 (C21), 144.7(C5), 136.4nglyéic-C), 131.4 (C10), 130.5
(C23) and C27), 128.7 (benzyin-CH), 128.2 (benzylig-CH), 127.7
(benzylico-CH), 127.5 (C1), 126.1 (C22), 118.2 (C20), 1182) 117.8 (C24 and
C26), 115.4 (C4), 81.9 (C17), 70.2 (benzylic-4Hp0.1 (C14), 43.6 (C9), 43.2 (C13),
38.7 (C8), 36.6 (C12), 30.7 (C16), 30.0 (C6), A&29), 26.5 (C11), 23.1 (C15), 11.1
(C18). ES(-) (MeOH): (m/z) calculated forsfEi3s04(M-H]"), 507.2541; found
507.2539.

1.5.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(2"-chlorophenyl)-prop-2'-en-
1'-one (7e)

Yellow solid. 78% yield, mp. 166.0-1682 *H NMR (400 MHz, CDCY) § 12.49 (s,
1H, 3-OH), 8.26 (d, J = 15.6 Hz, 1H, 21-vinylic-BH=C-CO), 7.83 — 7.73 (m, 2H, 1-
and 24-CH), 7.58 (d, J = 15.6 Hz, 1H, 20-vinylic#CH-CO), 7.50 — 7.43 (m, 1H,
27-CH), 7.40 — 7.32 (m, 2H, 25- and 26-CH), 6.73.4, 4-CH), 3.75 (t, J = 8.5 Hz, 1H,
170-CH), 2.88 (dd, J = 9.4, 6.3 Hz, 2H, 6-CH2), 2.4441m, 13H, rest of the 5xGH
and 3xCH of steroidal ring), 0.80 (s, 3H, 18-FH*C NMR (101 MHz, CDG) §
193.2 (CO), 161.3 (C3), 147.6 (C21), 140.6 (C5%.63C10), 133.2 (C23), 131.6
(C22), 131.4 (C24), 130.4 (C25), 128.0 (C1), 1aT27) ,126.3 (C26), 123.2 (C20),
118.0 (C2), 117.9 (C4), 81.8 (C17), 50.01 (C14)6489), 43.2 (C13), 38.6 (C8), 36.6
(C12), 30.6 (C16), 30.0 (C6), 26.8 (C7), 26.4 (GIB.1 (C15), 11.1 (C18). ES(-)
(MeOH): (m/z) calculated for £H2gCIO3([M-H] ), 435.1732; found 435.1730.
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1.6.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(3"-chlorophenyl)-prop-2'-en-
1'-one (7f)

Yellow solid. 80% yield, mp. 161.0-1623 *H NMR (400 MHz, CDC}) § 12.52 (s,
1H, 3-OH), 7.80 (d, J = 15.5 Hz, 1H, 21-vinylic-BH=C-CO), 7.74 (s, 1H, 1-CH),
7.63 (s, 1H, 23-CH), 7.58 (d, J = 15.5 Hz, 1H, 2@lic-H, =CH-CO), 7.52 (d, J = 6.6
Hz, 1H, 27-CH)), 7.44 — 7.34 (m, 2H, 25- and 26-G}H.74 (s, 1H, 4-CH), 3.76 (t, J =
8.5 Hz, 1H, 14-CH), 2.96 — 2.81 (m, 2H, 6-CG} 2.48~1.19(m, 13H, rest of the 5xgH
and 3xCH of steroidal ring), 0.81 (s, 3H, 18-FH’C NMR (101 MHz, CDG) §
193.0 (CO), 161.3 (C3), 147.7 (C21), 143.2 (C5%.63C22), 135.0 (C10), 131.7
(C24), 130.5 (C26), 130.3 (C1), 128.1 (C25), 12€97), 126.1 (C23), 121.7 (C20),
118.0 (C2), 117.9 (C4), 81.8 (C17), 50.1 (C14)p4&9), 43.2 (C13), 38.6 (C8), 36.6
(C12), 30.6 (C16), 30.1 (C6), 26.8 (C7), 26.5 (GIB.1 (C15), 11.1 (C18). ES(-)
(MeOH): (m/z) calculated for £H2gCIO3([M-H] ), 435.1732; found 435.1731.

1.7.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(4"-chlorophenyl)-prop-2'-en-
1'-one (7g)

Yellow solid. 79% yield, mp. 206.8-2100 *H NMR (400 MHz, CDGJ) 6 12.55 (s,
1H, 3-OH), 7.83 (d, J = 15.5 Hz, 1H, 21-vinylic-BH=C-CO), 7.75 (s, 1H, 1-CH),
7.58 (dd, J =12.0, 7.1 Hz, 3H, 20- vinyl-H, 23d&Y-CH), 7.41 (d, J = 8.5 Hz, 2H, 24-
and 26-CH), 6.74 (s, 1H, 4-CH), 3.76 (t, J = 8.5 H4, 1%-CH), 2.94 — 2.83 (m, 2H,
6-CH,), 2.45~1.15(m, 13H, rest of the 5xg&hd 3xCH of steroidal ring), 0.81 (s, 3H,
18-CH). 13C NMR (101 MHz, CDGJ) 6 193.0 (CO), 161.3 (C3), 147.6 (C21), 143.4
(C5), 136.7 (C10), 133.3 (C25), 131.6 (C22), 12€¢83 and C27), 129.3 (C24 and
C26), 126.1 (C1), 120.8 (C20), 118.1 (C2), 117.8)(B1.8 (C17), 50.1 (C14), 43.6
(C9), 43.2 (C13), 38.6 (C8), 36.6 (C12), 30.6 (CBE).0 (C6), 26.8 (C7), 26.4 (C11),
23.1 (C15), 11.1 (C18). ES(-) (MeOH): (m/z) caltath for G7H»sClOs([M-H]"),
435.1732; found 435.1730.

1.8.
(2'E)-1-(3,1B-dihydroxy-1,3,5(10)-estratrienyl)-3'-(2",4"-bichlo rophenyl)-prop-
2'-en-1'-one (7h)

Yellow solid. 81% yield, mp. 206.8-21070 ‘H NMR (400 MHz, CDG}) 6 12.43 (s,
1H, 3-OH), 8.18 (d, J = 15.5 Hz, 1H, 21-vinylic-BH=C-CO), 7.73 (s, 1H, 1-CH),
7.70 (d, J = 8.5 Hz, 1H, 24-CH), 7.56 (d, J = 1825 1H, 20-vinylic-H, =CH-CO), 7.49
(d, J = 2.1 Hz, 1H, 27-CH), 7.33 (dd, J = 8.4,1224) 1H, 26-CH), 6.75 (s, 1H, 4-CH),
3.75 (dd, J = 12.8, 8.3 Hz, 1H, &TH), 2.89 (dd, J = 9.5, 6.3 Hz, 2H, 6-CH2),
2.42~1.14(m, 13H, rest of the 5xgldnd 3xCH of steroidal ring) , 0.80 (s, 3H,
18-CH). *3C NMR (101 MHz, CDG) § 192.9 (CO), 161.3 (C3), 147.8 (C21), 139.3
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(C5), 136.7 (C23), 136.2 (C10), 131.8 (C22), 13C27), 130.2 (C24), 128.7 (C1),
127.6 (C26), 126.2 (C25), 123.5 (C20), 118.0 (2.9 (C4), 81.8 (C17), 50.1 (C14),
43.6 (C9), 43.2 (C13), 38.6 (C8), 36.6 (C12), 3ECE6), 30.0 (C6), 26.8 (C7), 26.4
(C11), 23.1 (C15), 11.1 (C18). ES(-) (MeOH): (m/zyalculated for
CaHp7CLOs([M-H] ), 469.1343; found 469.1340.

General procedure for the synthesis of 11a~k

We followed the method described by Rao et aleiocgmpound, 9, and10. Then
2-methoxy-3-acetyloxyestron8)(or 2-methoxyestronel() react with corresponding
aldehyde through the Claisen-Schmidt reaction toovidel@E-benzylidene
2-methoxyestrone derivatives.

2. (E)-16-(arylidene)-3-hydroxy-2-methoxy-estra-1,3,5()Qrien-17-one (11)

To a stirred solution df0 (0.2 g, 0.67 mmol) [or 9(0.23 g, 0.67 mmol)] ihatol (20
mL), was added an aqueous solution of 10% KOH (2),nthen corresponding
benzaldehyde (7.50 mmol, 1.5 equiv) was addedr&&etion mixture was stirred for 3
h in the room temperature and then poured into waler. When the resulting solution
was neutralized with 10% HCI aqueous solution,tafo/ellow precipitation formed.
The precipitates were filtered under reduced pressuashed with water, dried and
crystallized from methanol to obtain compoulid~k.

2.1. E)-16-(benzylidene)-3-hydroxy-2-methoxy-estra-1,3,%0) trien-17-one (11a)

Yellow solid. yield 91%. mp. 202.5-206.4; *H NMR (400 MHz, CDG}) § 7.56 (d,
J =7.4Hz, 2H, 22 and 26-CH), 7.48 (s, 1H, 16ideyle-CH), 7.43 (t, J = 7.3 Hz, 2H,
23 and 25-CH), 7.40-7.34 (m, 1H, 24-CH), 6.80 3, 4-CH), 6.67 (s, 1H, 1-CH),
5.52 (s, 1H, 3-OH), 3.87 (s, 3H, 2-0gH2.99 (dd, J = 15.7, 5.6 Hz, 1H, 15b-CH),
2.92-2.79 (m, 2H, 6-C}), 2.60-2.49 (m, 1H, 15a-CH), 2.46-1.39 (m, 9Ht cdshe
3xCH, and 3xCH of steroidal ring), 1.01 (s, 3H, 18-HC NMR (101 MHz, CDGJ)
5 209.7 (CO), 144.8 (C2), 143.7 (C3), 136.0 (C18K.6 (C20), 133.3 (C10), 131.2
(C21), 130.4 (C5), 129.3 (C22 and C26), 129.2 (aaBC25), 128.7 (C24), 114.7 (C4),
108.0 (C1), 56.1 (OC}), 48.6 (C14), 47.9 (C13), 44.4 (C9), 38.0 (C8),83(C12),
29.1 (C6), 28.9 (C7), 26.9 (C1l1), 26.3 (C15), 1@®). ES(-) (MeOH): (m/z)
calculated for ggH2703([M-H] ), 387.1966; found 387.1965.

2.2. E)-16-(4'-flurobenzylidene)-3-hydroxy-2-methoxy-esta-1,3,5(10)
trien-17-one (11b)

Light yellow solid. yield 93%. mp. 231.2-233.5 *H NMR (400 MHz, CDC}) 5
7.55 (dd, J =8.0, 5.7 Hz, 2H, 22 and 26-CH ), {84 H, 16-arylidene-CH), 7.12 (t, J
= 8.5 Hz, 2H, 23 and 25-CH), 6.80 (s, 1H, 4-CHR76(s, 1H, 1-CH), 5.49 (s, 1H,
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3-OH), 3.88 (s, 3H, 2-OC#)}, 2.95 (dd, J = 15.6, 6.4 Hz, 1H, 15b-CH), 2.9832m,
2H, 6-CH), 2.51 (t, J = 14.1 Hz, 1H, 15a-CH), 2.47 -1.39 9, rest of the 3xCkand
3xCH of steroidal ring), 1.01 (s, 3H, 18-gH"*C NMR (101 MHz, CDGJ) 6 209.5
(CO), 164.3 (C24), 144.8 (C2), 143.7 (C3), 135.6Q 132.2 (C20), 132.2 (C10),
132.1(C21), 131.8 (C5), 131.2 (C22), 129.2 (C26§5.0 (C23) , 115.8 (C25), 114.7
(C4), 108.0 (C1), 56.1 (OGH 48.6 (C14), 47.8 (C13), 44.4 (C9), 38.0 (C8),731
(C12), 29.0 (C6), 28.8 (C7), 26.9 (C11), 26.3 (C1%)6 (C18). ES(-) (MeOH): (m/z)
calculated for ggH26FO3([M-H] ), 405.1871; found 405.1867.

2.3. E)-16-(3',5'-difluorobenzylidene)-3-hydroxy-2-methoy-estra-1,3,5(10)
trien-17-one (11c)

Yellow solid. yield 95%. mp. 234.1-237(6; *H NMR (400 MHz, CDC}) 5 7.42—
7.37 (m, 1H, 26-CH), 7.36 (d, J = 1.9 Hz, 1H, 1gldene-CH), 7.29 (dd, J =8.4, 4.2
Hz, 1H, 25-CH), 7.21 (dt, J = 9.7, 8.2 Hz, 1H, 2)(6.80 (s, 1H, 4-CH), 6.68 (s, 1H,
1-CH), 5.47 (s, 1H, 3-OH), 3.87 (s, 3H, 2-0g}2.94 (ddd, J = 15.7, 6.4, 1.5 Hz, 1H,
15b-CH), 2.90-2.79 (m, 2H, 6-G{ 2.51 (ddd, J = 15.6, 12.7, 2.9 Hz, 1H, 15a-CH),
2.45-1.38(m, 9H, rest of the 3xGlNnd 3xCH of steroidal ring), 1.00 (s, 3H, 18-H
¥C NMR (101 MHz, CDG)) 6 209.2 (CO), 144.7 (C23), 143.7 (C24), 136.8 (C2),
132.8 (C3), 131.0 (C16), 131.0 (C20), 129.2 (C1@7.0 (C21), 118.6 (C5), 118.4
(C26), 117.8 (C25), 117.6 (C22), 114.7 (C4), 1QC2), 56.1 (OCH3), 48.4 (C14),
47.9 (C13), 44.3 (C9), 37.9 (C8), 31.7 (C12), 2&8), 28.8 (C7), 26.9 (C11), 26.2
(C15), 14.6 (C18). ES(-) (MeOH): (m/z) calculated €¢HsF,03([M-H]"), 423.1777,
found 423.1775.

2.4. E)-16-(3'-chlorobenzylidene)-3-hydroxy-2-methoxy-esa-1,3,5(10)
trien-17-one (11d)

Light yellow solid. yield 93%. mp. 212.7-216.0, *"H NMR (400 MHz, CDC}) &
7.53 (s, 1H, 16-arylidene-CH), 7.45-7.41 (m, 1H(6), 7.39 (m, 1H, 25-CH), 7.37—-
7.32 (m, 2H, 22 and 24-CH), 6.80 (s, 1H, 4-CH),86(§, 1H, 1-CH)), 5.45 (s, 1H,
3-0OH), 3.87 (s, 3H, 2-OC#Hji, 2.96 (ddd, J=15.9, 6.4, 1.6 Hz, 1H, 15b-CH)12-2.79
(m, 2H, 6-CH), 2.54 (ddd, J = 15.7, 12.6, 3.0 H4, 15a-CH), 2.47 —1.40(m, 9H, rest
of the 3xCH and 3xCH of steroidal ring), 1.01 (s, 3H, 18-FHC NMR (101 MHz,
CDCl) 6 209.2 (CO), 144.8 (C2), 143.7 (C3), 137.4 (C184%.T (C20 and C21), 131.7
(C10), 131.1 (C23), 129.9 (C5 and C25), 129.8 (C229.2 (C24), 128.5 (C26), 114.7
(C4), 108.0 (C1), 56.1 (OCH3), 48.5 (C14), 47.93144.4 (C9), 38.0 (C8), 31.7
(C12), 29.0 (C6), 28.8 (C7), 26.9 (C11), 26.3 (G136 (C18). ES(-) (MeOH): (m/z)
calculated for ggH26CIO3([M-H] "), 421.1576; found 421.1576.

2.5. E)-16-(4'-chlorobenzylidene)-3-hydroxy-2-methoxy-esa-1,3,5(10)
trien-17-one (11e)

Light yellow solid. yield 92%. mp. 226.8-230.4; 'H NMR (400 MHz, CDC}) &
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7.49 (d, J = 8.5 Hz, 2H, 22 and 26-CH), 7.45-7m0ZH, 23 and 25-CH), 7.38 (s, 1H,
16-arylidene-CH), 6.80 (s, 1H, 4-CH), 6.67 (s, 1H;H), 5.49 (s, 1H, 3-OH), 3.87 (s,
3H, 2-OCH), 2.94 (ddd, J = 15.7, 6.3, 1.5 Hz, 1H, 15b-CH362dd, J = 11.3, 5.7 Hz,
2H, 6-CH), 2.52 (ddd, J = 15.6, 12.6, 2.9 Hz, 1H, 15a-C#%3 -1.40 (m, 9H, rest of
the 3xCH and 3xCH of steroidal ring) 1.01 (s, 3H, 18-CH3C NMR (101 MHz,
CDCls) § 209.4 (CO), 144.8 (C2), 143.7 (C3), 136.5 (C18p.2 (C20), 134.1 (C10),
131.9 (C24), 131.5 (C21), 131.1 (C25), 129.2 (C2a &@26), 129.0 (C23 and C25),
114.7 (C4), 108.0 (C1), 56.1 (OCH3), 48.5 (C14).94C13), 44.4 (C9), 38.0 (C8),
31.7 (C12), 29.1 (C6), 28.8 (C7), 26.9 (C11), 2E35), 14.6 (C18). ES(-) (MeOH):
(m/z) calculated for ggH2¢ClO3([M-H] "), 421.1576; found 421.1575.

2.6. E)-16-(2',4'-dichlorobenzylidene)-3-hydroxy-2-methox-estra-1,3,5(10)
trien-17-one (11f)

Yellow solid. yield 95%. mp. 225.1-228.7: *H NMR (400 MHz, CDC}) 6 7.73 (s,
1H, 23-CH), 7.50 (d, J = 8.4 Hz, 1H, 26-CH), 7.471H, 16-arylidene-CH), 7.29 (d, J
=8.2 Hz, 1H, 25-CH), 6.80 (s, 1H, 4-CH), 6.661(4, 1-CH), 5.49 (s, 1H, 3-OH), 3.87
(s, 3H, 2-OCH), 2.99-2.71 (m, 3H, 15b-CH and 6-gH2.49 (t, J = 14.0 Hz, 1H,
15a-CH), 2.42-1.36 (m, 9H, rest of the 3xCH2 an@R»of steroidal ring), 1.02 (s, 3H,
18-CHg). *C NMR (101 MHz, CDGJ) 6 208.6 (CO), 144.8 (C2), 143.7 (C3), 138.7
(C16), 136.4 (C22), 135.3 (C20), 132.4 (C10), 13CP1), 130.5 (C26), 129.9 (C5),
129.2 (C23), 128.3 (C25), 127.0 (C24), 114.7 (Q498.0 (C1), 56.1 (OC¥), 48.5
(C14), 48.1 (C13), 44.3 (C9), 37.9 (C8), 31.7 (CEB.9 (C6), 28.8 (C7), 26.9 (C11),
26.2 (C15), 14.5 (C18). ES(-) (MeOH): (m/z) caltath for GgH,5Cl,03([M-H] ),
455.1186; found 455.1186.

2.7. E)-16-(4'-bromobenzylidene)-3-hydroxy-2-methoxy-esa-1,3,5(10)
trien-17-one (119)

Light yellow solid. yield 92%. mp. 246.5-249.0, '"H NMR (400 MHz, CDC}) &
7.55 (d, J = 8.5 Hz, 2H, 22 and 26-CH), 7.43 (s, 16tarylidene-CH), 7.42-7.38 (m,
2H, 23 and 25-CH ), 6.80 (s, 1H, 4-CH), 6.67 (s, 14€H), 5.50 (s, 1H, 3-OH), 3.87 (s,
3H, 2-OCH), 2.93 (ddd, J = 15.7, 6.4, 1.5 Hz, 1H, 15b-CH362dd, J = 11.4, 5.6 Hz,
2H, 6-CH), 2.50 (ddd, J = 15.7, 12.6, 3.0 Hz, 1H, 15a-C}6-1.42 (m, 9H, rest of
the 3xCH and 3xCH of steroidal ring), 1.00 (s, 3H, 18-:H°C NMR (101 MHz,
CDCl,) 6 209.3 (CO), 144.8 (C2), 143.7 (C3), 136.7 (C18%.5 (C20 and C10), 132.0
(C21),131.7 (C23 and C25), 131.1 (C22 and C26),21&C5), 123.5 (C24), 114.7 (C4),
108.0 (C1), 56.1 (OC#), 48.5 (C14), 47.9 (C13), 44.3 (C9), 38.0 (C8),73(C12),
29.1 (C6), 28.8 (C7), 26.9 (C11), 26.3 (C15), 141\38). ES(-) (MeOH): (m/z)
calculated for GsH6ClO3([M-H] ), 465.1071; found 465.1072.
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2.8. E)-16-(3'-nitrobenzylidene)-3-hydroxy-2-methoxy-esta-1,3,5(10)
trien-17-one (11h)

Light yellow solid. yield 94%. mp. 234.1-238.5 *H NMR (400 MHz, CDCI3)%
8.41 (s, 1H, 22-CH), 8.22 (d, J = 8.0 Hz, 1H, 24)CH84 (d, J = 7.5 Hz, 1H, 26-CH),
7.61 (t, J = 8.0 Hz, 1H, 25-CH), 7.49 (s, 1H, 1¢kdene-CH), 6.80 (s, 1H, 4-CH), 6.68
(s, 1H, 1-CH), 5.49 (s, 1H, 3-OH), 3.88 (s, 3H, @), 2.99 (dd, J = 15.8, 6.2 Hz, 1H,
15b-CH), 2.95-2.82 (m, 2H, 6-GH 2.62 (t, J = 13.5 Hz, 1H, 15a-CH), 2.48-1.40 (m,
9H, rest of the 3xCHand 3xCH of steroidal ring), 1.03 (s, 3H, 18-FH*C NMR
(101 MHz, CDC}) 6 208.8 (CO), 148.5 (C23), 144.8 (C2), 143.8 (C38.2 (C16),
137.3 (C21), 136.0 (C20), 130.9 (C10), 130.4 (C2@9.7 (C5), 129.2 (C25), 124.2
(C24), 123.6 (C22), 114.7 (C4), 108.0 (C1), 56.CKH3), 48.4 (C14), 48.0 (C13), 44.4
(C9), 37.9 (C8), 31.7 (C12), 29.0 (C6), 28.8 (ZH.9 (C11), 26.2 (C15), 14.5 (C18).
ES(-) (MeOH): (m/z) calculated for,gH,7NOs([M-H] "), 433.1889; found 433.1887.

2.9. E)-16-(4'-methylsulfonylbenzylidene)-3-hydroxy-2-metoxy-estra-1,3,5(10)
trien-17-one (11i)

Light yellow solid. yield 93%. mp. 235.4-237.3 *H NMR (400 MHz, CDC}) 5
7.99 (d, J =8.1 Hz, 2H, 22 and 26-CH), 7.72 @832 Hz, 2H, 23 and 25-CH), 7.48 (s,
1H, 16-arylidene-CH), 6.80 (s, 1H, 4-CH), 6.671¢d, 1-CH), 5.50 (s, 1H, 3-OH), 3.87
(s, 3H, 2-OCH), 3.09 (s, 3H, 24-S{H;3 ), 2.97 (dd, J = 15.9, 5.9 Hz, 1H, 15b-CH),
2.91-2.80 (m, 2H, 6-C}J, 2.59 (t, J = 14.3 Hz, 1H, 15a-CH), 2.48 -1.40 @i, rest of
the 3xCH and 3xCH of steroidal ring), 1.03 (s, 3H, 18-:H°C NMR (101 MHz,
CDCl3) 6 208.85 (CO), 144.8 (C2), 143.8 (C3), 141.0 (C18).4 (C24), 139.6 (C20),
130.9 (C10), 130.7 (C21 and C25), 129.1 (C23 ard) CI27.7 (C22 and C26), 114.7
(C4), 108.0 (C1), 56.1 (OCH3), 48.4 (C14), 48.03;44.5 (SGCHz3), 44.3 (C9), 38.0
(C8), 31.7 (C12), 29.2 (C6), 28.8 (C7), 26.9 (C12§,2 (C15), 14.5 (C18). ES(-)
(MeOH): (m/z) calculated for £H29005S([M-H]"), 465.1741; found 465.1740.

2.10. €)-16-(4'-methylbenzylidene)-3-hydroxy-2-methoxy-esa-1,3,5(10)
trien-17-one (11j)

Light yellow solid. Yield: 89%. mp. 251.2-253(7: *H NMR (400 MHz, CDC}) &
7.48 (s, 1H, 16-arylidene-CH), 7.46 (s, 2H, 22 26dCH), 7.23 (d, J = 7.9 Hz, 2H, 23
and 25-CH), 6.80 (s, 1H, 4-CH), 6.67 (s, 1H, 1-CH548 (s, 1H, 3-OH), 3.87 (s, 3H,
2-OCH), 2.98 (dd, J = 15.6, 5.2 Hz, 1H, 15b-CH), 2.8 (d= 17.0, 8.3 Hz, 2H,
6-CH2), 2.60-2.51 (m, 1H, 15a-CH), 2.39 (s, 3H,(3H4s), 2.49 -1.39 (m, 9H, rest of
the 3xCH and 3xCH of steroidal ring)1.00 (s, 3H, 18-¢H*C NMR (101 MHz,
CDCl) 6 209.7 (CO), 144.8 (C2), 143.7 (C3), 139.7 (C18K.1 (C24), 133.3 (C20),
132.9 (C10), 131.3 (C21), 130.4 (C5), 129.5 (C28 @25), 129.3 (C22 and C26),
114.7 (C4), 108.0 (C1), 56.1 (OGH 48.7 (C14), 47.8 (C13), 44.4(C9), 38.0(C8),
31.8(C12), 29.2(C6), 28.9(C7), 26.9(C11), 26.3 (C25%.5 (24-CH), 14.6 (C18). ES(-)
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(MeOH): (m/z) calculated for £H2903([M-H] "), 401.2122; found 401.2122.

2.11. E)-16-(2',3'-dimethoxy benzylidene)-3-hydroxy-2-methxy-estra-1,3,5(10)
trien-17-one (11k)

Yellow solid. Yield: 89%. mp. 185.2-188.6; "H NMR (400 MHz, CDCJ) § 7.81 (s,
1H, 16-arylidene-CH), 7.16 (d, J = 7.2 Hz, 1H, 26)C7.10 (t, J = 8.0 Hz, 1H, 25-CH),
6.95 (d, J = 7.3 Hz, 1H, 24-CH), 6.80 (s, 1H, 4-C&1p6 (s, 1H, 1-CH), 5.49 (s, 1H,
3-0OH), 3.89 (s, 3H, 22-OCHi 3.87 (s, 3H, 2-OC¥J, 3.85 (s, 3H, 23-OC¥), 2.89 (dd,
J=15.3, 7.1 Hz, 1H, 15b-CH), 2.85-2.77 (m, 2K;H8), 2.50 (ddd, J = 15.7, 12.8, 3.0
Hz, 1H, 15a-CH), 2.43-1.36(m, 9H, rest of the 3%@Hd 3xCH of steroidal ring), 1.01
(s, 3H, 18-CH). **C NMR (101 MHz, CDG) § 209.5 (CO), 153.0 (C22), 149.1 (C23),
144.7 (C2), 143.7 (C3), 137.1 (C16), 131.3 (C2@0.2 (C10), 129.3 (C5), 128.0
(C25), 123.7 (C26), 121.4 (C21), 114.7 (C24), 11&€4), 108.0 (C1), 61.4 (OCH3),
56.1 (OCH), 55.9 (OCH), 48.5 (C14), 47.9 (C13), 44.3 (C9), 38.0 (C8).8312),
29.2 (C6), 28.9 (C7), 26.9 (C11), 26.3 (C15), 14d8). ES(-) (MeOH): (m/z)
calculated for GgH310s([M-H] "), 447.2177; found 447.2176.

2.12.
(E)-16-(3',4',5'-trimethoxybenzylidene)-3-hydroxy-2-nethoxy-estra-1,3,5(10)
trien-17-one (111)

Yellow solid. Yield: 82%. mp. 191-198; *H NMR (400 MHz, CDCY) § 7.40 (s, 1H,
16-arylidene-CH), 6.81 (s, 3H, 4, 22 and 26-CH§76(s, 1H, 1-CH), 5.48 (s, 1H,
3-OH), 3.91 (s, 6H, 23 and 25-0@)H3.90 (s, 3H, 24-OC#), 3.87 (s, 3H, 2-OC}),
3.07-2.94 (m, 1H, 15b-CH), 2.86 (m, 2H, 6-CH), 2(8éd, J = 15.4, 12.6, 2.8 Hz, 1H,
15a-H), 2.46-1.40 (m, 9H, rest of the 3x£dhd 3xCH of steroidal ring), 1.01 (s, 3H,
18-CHs). **C NMR (101 MHz, CDGJ) § 209.5 (CO), 153.3 (C23 and C25), 144.8 (C2),
143.7 (C3), 139.5 (C16), 135.1 (C24), 133.5 (CA®1.1 (C10), 129.2 (CH), 114.7
(C22 and C26), 108.0 (C4), 107.8 (C1), 61.0 (Q¢B6.3 (OCH), 56.1 (OCH), 48.6
(C14), 47.8 (C13), 44.4 (C9), 37.9 (C8), 31.8 (CEB.9 (CH6), 28.8 (C7). 26.9 (C11),
26.3 (C15), 14.6 (C18). ES(-) (MeOH): (m/z) caltath for GgHs306([M-H]),
477.2283; found 477.2284.

Cell line and cell culture

The human breast cancer cell line MCF-7 was pussth&d®m Chinese Academy of
Sciences, and the human umbilical vein endotheéds (HUVECS) were purchased
from Jiangsu KeyGEN Biotechology Corporation. Adllls were cultured in RPMI
1640 medium supplemented with 10% fetal bovine e &BS), 100 units/mL
penicillin, and 100ug/mL streptomycin. The cells were incubated in anidified
atmosphere of 5% Gt 37°C.
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Cytotoxicity assayin vitro

SRB assay

Cytotoxic activity was evaluated by colorimetriclfethodamine B (SRB) assay.
Briefly, cancer cells in the exponential growth phavere treated with trypsin and
diluted to 5x10 cells/mL. Then, 10QL of the cell suspension was transferred into 96
well plates. After cells were cultured overniglhte synthesized derivatives were added
at indicated concentrations and the results wemgaoed with the control group. After
treatment for 72 h, the cells were fixed with 10%@ATfor 1 h, stained with SRB for 15
min, and dissovled with Tris-HCI. The absorbanceath hole in the 96 well plates
was measured by a Multiskan Spectrum reader. Theetration causing 50% cell
growth inhibition (IGg) was calculated and analyzed by the SPSS 15 Wareft

MTT assay

Cytotoxicity was determined by the MTT assay. Byiethe cells were seeded in
96-well plates at a density ob310°cells per well and incubated overnight. Then, the
cells were changed to fresh medium containing warimoncentrations of drugs. After
48 hor 72 h, 2QL MTT was added to each well at a final concenratf 500ug/mL
and cells were incubated for 4 h. Then, the preatpiwas completely dissolved by 150
uL of DMSO and the absorbance was measured at 570 nm

Chick chorioallantoic membrane (CAM) assay

Inhibition effect of angiogenesis vivo was measured using CAM assay. Briefly,
fertilized chicken eggs were incubated at 37°Cd&adays. Then, a small hole was
punched in the broad side of an egg and a windosvaaeefully created through the
eggshell. The CAM of the embryo was treated withZE2E2, DXMX and compounds
we synthesized. The eggs were returned to a huesdddgg incubator and chicken
chorioallantoic membranes were fixed and harvestiéer 72h. Angiogenesis was
guantified by counting the number of blood vesselmhers and imaged the
neovascularization zones. Ten eggs were used pap ¢o ensure the reproducibility of
the assay.

Wound healing assay

Cells were seeded in 6-well plates and then scraffad each well using a sterile
100 puL pipette tip. Subsequently, cells were washed éwe remove detached cells.
Then, cells were incubated in medium containing 2B&. The wound gaps were
imaged using a microscope connected to a digitaleca and then drugs were added.
After 48 h incubation, the wound gaps were oncénagaaged and the migration rates
were examined.
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Transwell assay

Cells were seeded on the top side of the polycate transwell filters in the
serum-free medium. The complete serum-containingdime was used as a
chemoattractant in the bottom chamber. After 2#igrated cells were fixed in 4%
paraformaldehyde for 20 min, stained with crystalet for 20 min, and imaged by a
Nikon fluorescence microscope.

Western blotting

Cells were lysed by RIPA lysis buffer containing I¥®otease and phosphatase
inhibitor cocktail on ice for 30 min. The lysatesna then centrifuged at 12,000 g for 10
min at 4 °C and supernatant were collected. Thal mbtein concentrations were
determined by a BCA Kit. The proteins were addethwiroper loading buffer and
boiled to denature. These proteins were resolve@PbyBSDS-PAGE and transferred to
polyinylidene difluoride membranes. After blockitige nonspecific binding sites with
5% non-fat milk, the membranes were incubated piittmary antibodies overnight at 4
°C and then incubated with the secondary antibddie® h at room temperature. The
protein bands were visualized by an enhanced chenmkscence (ECL) detection
system. The densitometric analysis were perfornsgtgumage J software.

Animals and tumour xenograft model

All animal experiments were conducted in accordamtle the ethical standards and
have been approved by the Ethics Committee of ZttemgUniversity. Male/Female
nude mice (aged 4-6 week, perchased from Silikdpangdunan) were raised in
individually ventilated cages and received adeqs#teile water and food. For the
xenograft models, MCF-7 cells X610’ in 200pL saline) were subcutaneously injected
into the right forelimb of nude mice. When the ags tumour volume reached
100mn?, the animals were randomized and assigned toolt@ving groups: control
(nomal saline, 0.2 mL/day), 2ME2 (45 mg/kg/daye L (22.5 mg/kg/day) andleH
(45 mgl/kg/day) ( n=5 mice/group); corresponding gdruwere dosed by an
intraperitoneal injection to each group and lag&dlays. Body weights and tumour
volumes were measured every other day. Tumour wlams calculated using the
following formula: tumour volume (mM = length Xwidth Xwidth/2. 21 days’
treatment, the nude mice were killed and major msgaere collected, fixed in 4%
buffered paraformaldehyde and paraffin-embeddedhé&mnatoxylin and eosin (HE)
staining for toxicity assessment.

Biochemical serum analysis

Toxicity and adverse effects were observed by assgpanimal body weight, hepatic

serum marker and damage to major organs. Blood Isamyere collected. Let the
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samples sit at room temperature for 30 min, andritege the blood sample at 4000
rpm for 4 min, collect the supernatant which isuserAccording to the instructions to
prepare the relevant solution and add it into tam@e bottle of the automatic
biochemical analyzer, set the relevant proceducestart the determination for
biochemical serum analysis of alkaline phosphaf{@deP), alanine transaminase
(ALT), and aspartate transaminase (AST).

Histological analysis

Hematoxylin and eosin (HE) staining was used tesssell necrosis. Major organs
(heart, liver, spleen, lung and kidney) were caéldc fixed in 4% buffered
paraformaldehyde and paraffin-embedded for HE stgilWe prepared bm tumour
sections from paraffin-embedded tumour tissue sesaplThe sections were
deparaffinized in xylene, rehydrated in ethanolsed in distilled water, and then fixed
with 4% formaldehyde. After fixed with formaldehydgections were stained with
hematoxylin and eosin followed by dehydration iadgd alcohol. The sections were
mounted on glass slides previously treated withy4helysine and imaged using a
microscope.

Statistical analysis

All experiments were repeated three times indepahdeStatistical analysis was
performed using One-Way ANOVA fon vitro assay, and individual differences
between the treatments were analyzed using thareddeaest by the Graphpad Prism
software (All groups were compared in pairs). Alhparisons are made relative to the
untreated controls and significance of differer&éndicated as *p < 0.05 and **p <
0.01.
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Abbreviation

MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetralium bromide;
SRB, sulforhnodamine B;

2ME2, 2-methoxyestradiol;

VEGFR, Vascular Endothelial Growth Factor Receptor;

FAK, Focal Adhesion Kinase;

Z0O-1, zonula occludens proteins;

ALP, alkaline phosphatase;

ALT, alanine transaminase;

AST, aspartate transaminase;

HE, hematoxylinand eosin staining;

RIPA, Radio-Immunoprecipitation Assay;

SDS-PAGE, Sodium Dodecane Sulonate -Polyacryla@eleElectrophoresis;
BCA, bicinchoninic acid;

DXMX, Dexamethasone;

CAM, Chick chorioallantoic membrane assay;

PBS, Phosphatidylserine;

DMSO, Dimethyl sulfoxide;

FBS, Fetal Bovine Serum;

HUVEC, Human Umbilical Vein Endothelial Cells;
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Highlights

® 2-Methoxyestradiol (2ME2) has been considered pstantial antitumour agent
mainly targeting angiogenesis.

® A novel class of chalcone modified 2ME2 compounds Wrst synthesized, and
theE-conformation in the,f-unsaturated carbonyl of chalcone were confirmed by
X-ray single crystal.

® The 16-benzylidene-modified 2-methoxyestradiol agalle showed a potent
antiangiogenic effect.

® Compoundllemay be a promising antitumour agent with exceltdfitacy and
low toxicity.

® Compoundlle may target cancer stem cells and be a potent aegubf
angiogenesis and EMT.
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